Humans can be divided into roughly three groups with distinct microbial communities in their gastro-intestinal tract. The microbiota contributes to metabolic activity in the gastrointestinal tract of the host, but what mechanisms shape the composition of the gut microbiota, and how does a person's 'enterotype' affect metabolic processes in distant organs? Flavell and colleagues shed light on these questions by revealing an important role for inflammasomes in modulating the prevalence of colitogenic species, and by demonstrating that dysbiosis influences susceptibility to non-alcoholic steatohepatitis (NASH) and other manifestations of metabolic syndrome.
The human gastro-intestinal tract is home to a vast community of microbial species that contribute to food digestion and protection against invading pathogens [1] . Recent work showed that three distinct types of microbial communities ('enterotypes') can be distinguished in humans depending on whether bacterial species of the Bacteroides, Prevotella or Ruminococcus genus prevail [2] . Notably, the three enterotypes were linked to differential production of vitamins and differences in Body Mass Index [2] . These findings suggest a link between a person's microbiota and susceptibility to obesity, but does the intestinal microbiome also influence manifestations of metabolic syndrome in distant organs such as the liver and the pancreas as well? Recent work with inflammasomedeficient mice provided important cues suggesting this indeed to be the case. Inflammasomes are cytosolic multiprotein complexes of which the clinical importance in autoimmune, infectious and metabolic diseases is increasingly being recognized [3] . These stress-and infection-sensors contain members of the NOD-like receptor (NLR) and HIN-200 families that activate the cysteine protease caspase-1 through the adaptor protein ASC [3, 4] . Inflammasome-activated caspase-1 responds to microbial infections and (sterile) stress conditions by proteolytically maturing the proinflammatory cytokines interleukin (IL)-1β and IL-18, and by inducing pyroptotic cell death [5] .
Notably, the gastro-intestinal tracts of mice lacking the essential inflammasome components Nlrp6, Nlrp3, ASC and caspase-1 were recently found to contain a microbiome profile that was skewed towards colitogenic species of the Prevotellaceae family and the candidate phylum TM7 [6] . Concurrently, mice lacking these inflammasome proteins were hypersusceptible to dextran sodium sulphate (DSS)-induced colitis [6] [7] [8] [9] [10] . In agreement with a critical role for the microbiome in regulating colitis susceptibility in these mice, antibiotic treatment rescued the colitic phenotype [6, 9] . Intriguingly, the colitogenic properties of inflammasome-deficient mice were readily transferred to wild-type mice upon co-housing or co-fostering [6] . A pressing question that remains to be fully addressed is how inflammasomes regulate the colonic microbiome composition. Il-18-deficient mice also presented with an altered fecal microbiota, suggesting this cytokine to be critically involved downstream of inflammasomes in tempering the abundance of colitogenic microbes in the gastro-intestinal tract [6] . One possibility is that IL-18 may regulate processes involved in maintaining a niche in the intestinal tract that is favorable to non-colitogenic bacteria by preferentially clearing colitogenic species. Inflammasome-produced IL-18 may accomplish this, for instance, by regulating the levels of certain defensins, short peptides with bactericidal properties. In this regard, crypts of Nlrp3 −/− mice were shown to contain altered defensin levels [11] . However, further analysis is required to establish the role of IL-18 in this process, and to dissect the roles of defensins in shaping the microbiome.
Intriguingly, the role of the intestinal microbiota is not limited to npg regulating inflammation in the gastrointestinal tract given that dysbiosis in inflammasome-deficient mice also influenced susceptibility to non-alcoholic steatohepatitis (NASH), obesity and other manifestations of metabolic syndrome [12] . This is illustrated by the observation that antibiotic treatment significantly reduced NASH severity in ASC −/− mice that were fed a methioninecholine-deficient diet (MCDD), and prevented transmission of the phenotype to co-housed wild-type mice [12] . These findings were confirmed in leptin receptor-deficient (db/db) mice. The latter develop non-alcoholic fatty liver disease (NAFLD), but this does not spontaneously progress into NASH [13] . Nevertheless, db/db mice co-housed with ASC −/− mice presented with increased liver damage and hepatic inflammation compared to single-housed db/db mice [12] . In addition, co-housed db/db mice gained significantly more weight than single-housed controls, suggesting that inflammasome-associated colitogenic bacteria may contribute to obesity and other manifestations of metabolic syndrome. Indeed, ASC −/− mice and cohoused wild-type mice that were fed a high-fat diet gained body weight faster and featured increased hepatic steatosis when compared to singly-housed wildtype controls [12] . Antibiotic treatment returned body weight gain, glucose intolerance and fasting plasma insulin levels in ASC −/− mice to normal levels, confirming a role for the microbiota in altering these metabolic parameters. 
, ASC
−/− and caspase-1 −/− mice skews the intestinal microbiome to colitogenic species characterized by an expanded representation of bacteria from the Prevotellaceae family and the candidate phylum TM7. This increases CCL5 production by the intestinal epithelium, which in turn causes increased intestinal inflammation. Augmented intestinal barrier destruction allows excessive translocation of TLR4 and TLR9 agonists to the liver, where TLR-induced TNF-α production drives hepatic steatosis and inflammation. npg be responsible for NASH exacerbation [12] . The gastro-intestinal tract emerged as a prime location from which inflammasomes regulate metabolic syndrome, as constitutive activation of the Nlrp3 activation in hepatocytes failed to alter NASH progression [12] . Although the protective effect of antibiotic treatment supports this notion, tissue-specific deletion of the Nlrp3 inflammasome in Paneth cells and other intestinal cell types might allow further dissection. Regardless, IL-18 rather than IL-1β was identified as the critical inflammasome substrate driving NASH exacerbation because MCDD-fed IL-1 receptor knockout (Il-1r −/− ) mice were not hypersusceptible to steatohepatitis, whereas
Il-18
−/− mice were [12] . Moreover, cohousing Il-18 −/− mice with wild-type mice increased MCDD-induced NASH severity in the latter, further highlighting the transmissible nature of the phenotype. Together, these findings suggest that defective inflammasome signaling in the gastro-intestinal tract allows colitogenic microbes to prosper in the colon, and subsequently trigger harmful inflammatory signaling pathways in systemic organs when the gastro-intestinal barrier is breached (Figure 1 ). In this regard, microbial factors derived from the intestine were shown to trigger Tolllike receptor (TLR) activation in the liver after gaining access via the portal vein [14] . TLR signaling contributed to inflammasome-associated NASH exacerbation because mice deficient for the essential TLR adaptors MyD88 and TRIF failed to present with the expected increase in hepatic damage, inflammation and steatosis when cohoused with MCDD-fed ASC −/− mice [12] . Similarly, co-housed Tlr4 −/− and Tlr9 −/− mice were protected from aggravated disease progression relative to singly-housed Tlr4 −/− and Tlr9 −/− controls. Although live bacteria were not detected in the liver of MCDD-fed wild-type and ASC −/− mice, increased levels of TLR4 and TLR9 agonists were present in the portal circulation of ASC −/− and co-housed with wild-type mice compared to singly-housed wildtype mice [12] . High levels of CCL5 in the gut of inflammasome-deficient mice contributed to increased barrier disruption and TLR agonist translocation, as CCL5 −/− mice that were co-housed with Nlrp6 −/− or ASC −/− mice acquired the colitogenic species of inflammasomedeficient mice [6] , but failed to develop severe MCDD-induced NASH [12] , respectively. Concurrently, TLR agonist levels retrieved in the portal vein of CCL5 −/− mice that were co-housed with ASC −/− mice were significantly lower than those of co-housed wildtype mice [12] . Thus, the increased CCL5 levels that are generated in response to the colitogenic intestinal milieu of inflammasome-deficient mice enhances translocation of microbial components to the liver, where excessive activation of TLR4 and TLR9 signaling contributes to enhanced NASH progression. In this regard, the TLR-induced cytokine TNF-α is known to mediate steatohepatitis and hepatic fibrosis in patients [15] . Concurrently, Tnf mRNA levels were found to be significantly upregulated in Il-18
−/−
, ASC −/− and co-housed wildtypemice that were subsequently fed MCDD, but not in MCDD-fed Il-1r −/− or singly-housed wild-type mice [12] . Furthermore, MCDD-fed Tnf −/− mice that were co-housed with ASC −/− mice failed to develop the exacerbated disease seen in co-housed wildtype mice. In conclusion, inflammasome signaling in the gastro-intestinal tract is emerging as a remote control for metabolic disease manifestations in distant organs that keeps colitogenic microbes in check and prevents the damaging consequences of excessive translocation of inflammatory factors to systemic organs (Figure 1 ).
